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Abstract 
Computational models, incorporating electromagnetics, are utilized by industry for 
comprehensive evaluation of performance and safety to support medical device design and 
development. Currently, the number of existing anatomically accurate and numerically 
computational human models that represent a diverse population is limited. The purpose of this 
Major Qualifying Project was to aid in creating a Computer Aided Design Male Human Body 
Model for medical electromagnetic simulations. The project aimed at refining the model to be 
anatomically accurate, numerically efficient and compatible with various software packages 
suitable for Finite Element Method analysis.    
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Introduction  
Visible Human Project 
In 1989, the Visible Human Project (VHP) was established by the U.S. National Library 
of Medicine. The goal of the project was to produce a digital image dataset of complete human 
male and female anatomy to serve as references for the study of human anatomy. The project 
includes digitized photographic images from cryosectioning, digital images derived from 
computerized tomography, and digital magnetic resonance images of cadavers. The Visible 
Human Made data set became available in November 1994 and the Visible Human Female data 
set became available on November 1995 [1]. 
The male cadaver was sectioned in the axial plane at 1 millimeter intervals which were 
photographed and scanned. There are 1,871 digital axial anatomical images and associated 
Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) images for the male 
model resulting in 15 gigabytes of image data. Two images are shown in Figure 1. The left is an 
image of the head which includes the cerebellum, cerebral cortex, brainstem, and nasal passages. 
The image shown on the right is an image of the abdomen which also includes the large and 
small intestines, spinal column, musculature, and subcutaneous fat.  
 
Figure 1 - Sections through the Visible Human Male - Head (left), Abdomen (right) [2] 
The female dataset involved a similar procedure but the female cadaver was sectioned in 
intervals of 0.33 millimeters. As a result 5,189 digital axial anatomical images and associated CT 
and MRI images are available for the female model resulting in 40 gigabytes of data [2]. 
Today, the datasets are applied to a wide range of uses by over 3500 licensees in 64 
countries. Some of the uses are educational, diagnostic, treatment planning, virtual reality, 
mathematical, industrial, and even artistic [1]. 
Computational Modeling 
Computational modeling combines mathematics, physics, and computer science to study 
the behaviors and reactions of complex systems using computer simulations. Simulations allow 
researchers to make predictions about actual behaviors and reactions in a real system. The 
National Institute of Biomedical Imaging and Bioengineering also points out that “Modeling can 
expedite research by allowing scientists to conduct thousands of simulated experiments by 
computer in order to identify the actual physical experiments that are most likely to help the 
researcher find the solution to the problem being studied” [3]. 
According to the Food and Drug Administration, computational modeling and simulation 
studies have been used by industry to support medical device design and development. The 
studies are often used in the following areas: fluid dynamics (e.g., calculate shear stress in 
ventricular assist devices), solid mechanics (e.g., determine maximum stress locations in a hip 
implant), electromagnetics and optics (e.g., radiofrequency safety in magnetic resonance 
imaging, fluorescence for fiber optic spectroscopy devices), ultrasound propagation (e.g., 
absorbed energy distribution for therapeutic ultrasound), and thermal propagation (e.g., 
temperature rises with radiofrequency and laser ablation devices). 
In the field of electromagnetics, human models are used for studies that evaluate the 
performance and safety of various medical devices. Some of the medical devices include the 
following: electrophysiology monitoring devices, magnetic resonance imaging systems, and 
magnetic resonance conditional passive or active implanted devices such as orthopedic devices, 
stents, pacemakers, or neurostimulators [4].  
Computational human models are becoming an important aspect of modern biomedical 
research. Computational human body models have also been developed and used in simulations 
for automotive crash-safety research and design. Initially, crash simulations were performed 
using models based on crash-dummies since the crash safety performances are evaluated using 
crash test dummies. But considering that crash dummies differ from the human body and are 
limited in body sizes, shows that real human body models would provide more information. It is 
believed that using human body models for automotive crash-safety research would allow to 
better understand injury mechanisms [5]. 
In 2006, the Global Human Body Models Consortium (GHBMC) was created to 
consolidate world-wide research into a single global effort to advance crash safety technology. 
The GHBMC focuses on developing high fidelity Finite Element human body models for crash 
simulations. The GHBMC has developed a family of virtual humans of various sizes including 
seated passengers and pedestrians as shown in Figure 2 [6]. The automotive-safety models do not 
correspond to real subjects, but they usually have extremely-high-quality surface quadrilateral 
Computer Aided Design (CAD) meshes best suited for accurate Finite Element Method (FEM) 
modeling including mechanical applications [7].  
 
 Figure 2 - GHBMC Family of Virtual Humans [30] 
Human Models for CEM Research 
 There are currently 28 full-body models available for computational electromagnetics 
(CEM) and radiological simulations that have been approved by the Institute of Electrical and 
Electronics Engineers (IEEE) International Committee on Electromagnetic Safety (ICES). The 
IEEE ICES Technical Committee 34 (Wireless Handset SAR Certification) published a list of 
approved models in order to standardize anatomical models used for determining the spatial peak 
specific absorption rates (SAR) in the human body for users of wireless communication devices. 
The list of the models published by IEEE ICES is shown in Table 1. The table specifies the 
model format and resolution and model characteristics such as height, weight, race, age and sex. 
The original table which could be found at http://grouper.ieee.org/groups/scc34/sc2/ also 
indicates where a free version of the model could be obtained if it is available [8]. 
 
Table 1 -  Overview of Selected Anatomical Whole Body Models [8] 
Model 
Height 
[m] 
Weight 
[kg] 
Race 
Age 
[years] 
Sex 
Data Format,  voxel 
resolution 
Comment 
Child 1.15 21.7 Caucasian 7 F 1.54x1.54x8 mm3 Small for age 
Baby 0.57 4.2 Caucasian 8 weeks F 0.85x0.85x4 mm3   
VoxelMan     Caucasian Adult M   Head and torso 
Norman     Caucasian Adult M   only 10 ribs 
Golem 1.76 68.9 Caucasian 38 M 2.08x2.08x8 mm3   
Visible-human     Caucasian 38 M various One testicle only 
Frank 1.74 95 Caucasian 48 M 0.74x0.74x5 mm3 head and torso 
Donna 1.7 79 Caucasian 40 F 1.875x1.875x10 mm3   
Helga 1.7 81 Caucasian 26 F 0.98x0.98x10 mm3   
Irene 1.63 51 Caucasian 32 F 1.875x1.875x5 mm3   
Max     Caucasian Adult M   
VoxelMan adapted to 
dimensions of reference man 
Nagaoka man     Asian 22 M 2x2x2 mm3   
Nagaoka woman     Asian 22 F 2x2x2 mm3   
Naomi     Caucasian 23 F     
Katja 1.63 62.3 Caucasian 43 F 1.775x1.775x4.8 mm3 Pregnant (24th week) 
Roberta 1.08 17.6 Caucasian 5 F 
CAD, 0.5x0.5x0.5 
mm3 or better 
  
Thelonious 1.17 19.5 Caucasian 6 M 
CAD, 0.5x0.5x0.5 
mm3 or better 
  
Eartha 1.35 30.3 Caucasian 8 F 
CAD, 0.5x0.5x0.5 
mm3 or better 
  
Dizzie 1.4 26.2 Caucasian 8 M 
CAD, 0.5x0.5x0.5 
mm3 or better 
  
Billie 1.46 35.6 Caucasian 11 F 
CAD, 0.5x0.5x0.5 
mm3 or better 
  
Louis 1.69 49.9 Caucasian 14 M 
CAD, 0.5x0.5x0.5mm3 
or better 
  
Ella 1.6 58 Caucasian 26 F 
CAD, 0.5x0.5x0.5mm3 
or better 
  
Duke 1.74 70 Caucasian 34 M 
CAD, 0.5x0.5x0.5mm3 
or better 
  
Ella (pregnant) 1.6   Caucasian 26 F CAD 
3rd, 7th and 9th gestational 
month 
Fats 1.78 120 Caucasian 37 M CAD   
Chinese Male 1.72 63.05 Asian 35 M 1x1x1mm3   
Chinese Female 1.62 53.5 Asian 22 F 1x1x1mm3   
VHP-F 1.73 ~ 75 Caucasian ~ 60  F 
Variable. Average: 
2x2x2 mm3 
Visible Human Data Source. 
Variable Fat Layer 
 
The models created by IT’IS Foundation Switzerland dominate the number of models 
shown in Table 1. The following models listed in the table were developed by IT’IS Foundation 
Switzerland: Roberta, Thelonious, Eartha, Dizzy, Billie, Louis, Ella, Duke, Fats, and Ella 
(Pregnant). The models are most commonly referred to as the Virtual Population (ViP). The 
Virtual Population is considered the most advanced and complete set of computational 
anatomical models that represents a diverse population. The models were developed from high 
resolution MRI scans of volunteers. Each model is comprised of 66 to 84 tissues. An additional 
model exist as part of the Virtual Population that is not listed in Table 1. The model also 
developed by the IT’IS team is known as Glenn, an 84 years old male. The Virtual Population is 
also shown in Figure 3 [9]. 
 
 
 
 
 
 
 
 
 
Table 2 - IT'IS Foundation List of Virtual Population Models [9] 
Name Gender Age 
(years) 
No. of 
tissues 
Data format 
Roberta Female 5 66 CAD, posable 
Thelonious Male 6 76 CAD, posable 
Eartha Female 8 75 CAD, posable 
Dizzy Male 8 66 CAD, posable 
Billie Female 11 75 CAD, posable 
Louis Male 14 77 CAD, posable 
Ella Female 26 76 CAD, posable 
Duke Male 34 77 CAD, posable 
Fats Male 37 79 CAD, posable 
Glenn Male 84 84 CAD 
Pregnant Women  
(3rd month)* 
Undefined 3 months 15 CAD, pregnant women 
based on “Ella” 
Pregnant Women  
(7th month)* 
Undefined 
 
7 months 20 CAD, pregnant women 
based on “Ella” 
Pregnant Women  
(9th  month)* 
Undefined 9 months 26 CAD, pregnant women 
based on “Ella” 
*Specifications refer to fetus 
 Figure 3 - IT'IS Foundation Virtual Population [9] 
Problem Statement 
Today, the number of human phantoms in voxel format is approaching 40 models [10]. 
The voxel-based full-body human models outnumber the FEM-compatible CAD human models. 
The voxel phantoms are not suitable for FEM or MoM (Method of Moments) frequency domain 
analysis which shows the need for anatomically accurate and compatible with FEM software 
models representing a diverse population [11].  
The difference between voxel and CAD models appears to be quite significant. The 
difference determines the type of CEM problems to be solved and the electromagnetic solver 
type. This difference can be explained using the voxel and the CAD human model creation 
process [7].  
Manual Segmentation 
Computational human models are created using a set of 3D mathematical algorithms 
commonly referred to as image segmentation. Segmentation is one of the most studied problems 
in the field of biomedical image analysis. First, consider a body slice in the xy- plane as shown in 
Figure 4 a). Figure 4 a) shows a cross-section of a human leg with a patella [12]. The complete 
stack of images continues in the z-direction. Then the user traces the patella boundary with a set 
of discrete points in the xy-plane creating a polygon as shown by the crosses in Figure 4 a). The 
corresponding z-coordinate is added. Then the next cross-sectional images are traced until all the 
required 3D points are collected. The end result is a complete patella boundary in three 
dimensions given in the form of a point cloud shown in Figure 4 b). The corresponding operation 
is known as manual segmentation. The remaining tissues would be segmented similarly using the 
same method. The volume inside of the point cloud is either empty or can be filled with a set of 
uniformly distributed inner nodes. As a final result, the volumetric voxel model of a tissue is 
produced [7].  
 
Figure 4 - a) Image of a patella with a traced boundary; b) resulting point cloud; c) patella CAD 
model; d) patella voxel model 
a) b)
c) d)
Semi-Automatic Segmentation 
The manual segmentation of datasets is extremely labor intensive and expensive. 
Depending on the images that are available and the segmentation quality, the process could take 
months or years to complete for a single model [27]. To conserve available resources most 
research are focusing on semi-automatic or fully automatic segmentation approaches. The basic 
segmentation algorithm is a threshold or pixel contrast method [13], which is similar to manual 
tracing of the boundaries of 2D body slices described above. A more elaborate example is an 
active contour segmentation technique. A popular open-source semi-automatic image 
segmentation tool is ITK-SNAP of University of Pennsylvania, which includes multi-modality 
segmentation capability and machine learning to differentiate tissue classes based on texture, 
location, and intensity [14], [15], [7]. 
Triangular CAD Models 
After image segmentation and creation of a point cloud, the surface may be extracted in 
the form of a triangular mesh, quadrilateral mesh or a Boundary Representation (BREP) CAD 
model. This technique is often referred to as surface extraction or 3D geometry surface 
reconstruction.  
In CAD models suitable for 3D printing (an example is a STL or STereoLithography 
format), every individual tissue is characterized by its closed surface. In its most common form, 
the surface is fully described by a set of small adjacent triangles defined through an array of 
nodes P and an array of triangles t shown in Figure 4 c) – a mesh. Every m-th row of array P 
gives Cartesian coordinates of a nodal point m on the surface, while every n-th row of array t 
gives three numbers of nodal points forming n-th triangle. Any observation point inside the 
triangulated surface is assigned the same unique tissue properties. To find the point status, an 
arbitrary ray emanating from this point is considered. If the point is inside, the number of 
intersections with the surface is always odd, otherwise it is even. Further, the ray-triangle 
intersection algorithm is applied [16].  
The task of generating a CAD model from the point cloud is equivalent to creating a 
patella mesh in Figure 4 c) from the corresponding point cloud in Figure 4 b). The entire problem 
in general is quite complex; among the popular methods are the method of marching cubes 
(marching triangles) [17],[18] and the region-growing ball-pivoting method [19]. The human 
models shown above in Figure 2 are the CAD models [7]. 
Voxel Models 
The voxel model directly follows from the segmentation results: given that the point 
cloud in Figure 4 b) is filled with the inner nodes, we can directly arrive on Figure 4 d). 
Alternatively, the voxel model is directly constructed from the CAD model. The entire 3D space 
is subdivided into many small unit cells with the size Δx,Δy,Δz as shown in Figure 4 d). If the 
cell center lies within the CAD tissue object in Figure 4 c), the cell is assumed to be a part of that 
object. As a result, the entire tissue volume is approximated by a staircase set of a large number 
of cells seen in Figure 4 d). Every such cell has a unique value of a tissue property, which is a 
voxel. Frequently, the entire unit cell along with the assigned tissue properties is designated as a 
voxel. The voxel model does not have to be constructed from the CAD model. Usually, the 
opposite is done. It could be thought of that any segmentation result is already the voxel model. 
In order to display the staircase voxel model with a visually smooth boundary, an isosurface is 
created. The isosurface algorithm [20],[21] is implemented in many software packages including 
MATLAB. The human models shown in Figure 3 above are the voxel models [7]. 
Comparison of CAD and Voxel Models  
As of now, the human models with the highest resolution are all static voxel model since 
voxel-based models represent highly-inhomogeneous inter-tissue regions and can replicate the 
tissues exactly as they appear in the images. The 3D CAD model of a multi-tissue body is a more 
difficult to construct. Detailed triangulated human models with a very large number of triangles 
in excess of one to five million [22], [23] may require extremely large FEM meshing times 
(creating a volumetric tetrahedral mesh) and extremely large FEM simulation times. For 
example, the meshing time can be ten to-hundred times greater than the simulation time for low-
quality surface shell meshes in ANSYS Electronics Desktop. As a result, the CAD models tend 
to be significantly less accurate despite their mathematical advantage: a linear (in case of 
triangles or plane quadrilaterals) or polynomial (in case of a spline representation) surface 
approximation in contrast to the staircase approximation of the voxel grid. For voxel models, the 
segmentation accuracy, which is the deviation from the true surface in its normal direction, is 
equal to the size of the unit cell. 
However, the CAD model is inherently deformable [23] – [25] including both free-form 
deformations and affine transformations, while the voxel model is essentially “cast in stone”. 
Although very realistic, modern voxelized phantoms based upon direct image segmentation have 
the disadvantage of being inflexible. The resolution is fixed, and it is extremely difficult to 
model variations in anatomy, patient positioning, or motion. Last but not least, the CAD model is 
fully compatible with the standard FEM analysis on unstructured grids and 3D printing while the 
voxel model is not [7]. 
Model Development 
Overview 
The main purpose of this project was to aid in developing a CAD Male Human Model 
that is anatomically accurate and compatible with various software packages for electromagnetic 
FEM simulations. The process of developing the model is described in the following section and 
a list of completed meshes is provided in Table 3. 
Specific Conditions for CAD Models 
The following two conditions are required for a CAD human body model. First, the 3D 
triangular mesh representing the object must not have any holes meaning the mesh must be 
watertight. The second rule is that the surface of a triangular mesh in 3D must be manifold. A 
mesh is 2-manifold if every node of the mesh has a disk-shaped neighborhood of triangles. This 
neighborhood can be continuously deformed to an open disk. Every edge of a 2-manifold mesh is 
a manifold edge with only two attached triangles. All other meshes are non-manifold meshes and 
are not suitable for FEM analysis. Figure 5 gives examples of a non-manifold mesh with a non-
manifold edge and a non-manifold mesh with a non-manifold node or non-manifold vertices [7].  
 
 
Figure 5 - Examples of a) manifold edge; b) non-manifold edge; c) non-manifold vertex 
c) non-manifold nodea) manifold edge b) non-manifold edge
Process 
The development of this particular CAD male human model was based on the AustinMan 
Electromagnetic Voxel Model. The AustinMan is an open-source model constructed from the 
Visible Human Dataset at the University of Texas at Austin [26]. The AustinMan Voxel Model 
data text files were used to create a point cloud which was used to extract a surface and then 
converted to an STL file for use in MeshLab and ANSYS SpaceClaim.  
Separating STLs 
 The STL files that were created contained a specific 
tissue of one type for example cortical bone, bone marrow, 
or cartilage. That file contained multiple tissues for 
example the Bone Marrow file included each individual 
piece that makes up the vertebrae column including the 
cervical spine (C1-C7), thoracic spice (T1-T12), lumbar 
spine (L1-L6), and the sacrum. The file also included bones 
such as tibia, ulna, radius, femur, hips, fibula, scapula, and 
the ribs. The bone marrow STL file opened in ANSYS 
SpaceClaim is shown in Figure 5. In order to post-process 
the model in SpaceClaim, each individual tissue had to be 
worked on individually to optimize the model and to easily 
remove any unwanted tissues from the final model when 
required. As a result, the mesh seen in Figure 5 had to be 
separated and each tissue had to be saved individually.  
Figure 6 - Bone Marrow Mesh 
 
Over 65 individual tissues were saved just from the bone marrow file alone. This process also 
helped clean up some of the pieces that did not belong to the model, pieces that were floating 
without having a connection to a particular bone or organ.             
Making Meshes Watertight 
 Once the meshes were individually separated and saved, each mesh had to be processed 
to make sure it was watertight and manifold. As previously described, these two conditions are a 
requirement for a true CAD model. In order to achieve those two conditions for every mesh,  
extensive use of ANSYS SpaceClaim and MeshLab to heal the meshes was required. The 
meshes that were extracted from the Voxel Austin Man Model and then converted to STL files, 
had at least one or in some cases all of the following problems as shown in Figure 7: 
1. Mesh is not watertight 
2. Mesh is self-intersecting 
3. Mesh has multiple pieces 
4. Mesh is over-connected 
5. Body contains non-manifold vertex 
 
 
Figure 7 - Right Femur Mesh with Errors shown in ANSYS SpaceClaim 
Each mesh had to be worked on individually. First, the mesh was imported into ANSYS 
SpaceClaim then the “Check Mesh” feature under the Facets tab was used to identify what was 
wrong with the mesh. Once the problem was identified, various features were used to make the 
mesh watertight. If the mesh had all of the five (5) problems mentioned above, then the best 
approach was to first focus on fixing any holes in the mesh that would result in the error saying 
that the mesh is not watertight. Then fixing the over-connected triangles followed by fixing non-
manifold vertices, self-intersections, and then identifying the multiple pieces if any are left. 
Over Connected Triangles  
The term over-connected refers to a triangle that is connected to more than one other 
triangle on one side as shown in Figure 5 c). Using “Over-connected” feature in SpaceClaim 
made it easier to identify the over-connected triangles as shown in Figure 8. The feature in 
SpaceClaim highlighted each over-connected edge in red.  
 
Figure 8 - Femur Mesh with Over-Connected Edges Highlighted in Red 
Figure 9 shows an example of over-connected edges which are shown in black. In this 
example the “over-connected” edge is not seen since it is inside of the mesh. 
 Figure 9 - Example of Over-Connected Edges Shown in Black 
Each over-connected problem had to be resolved manually. Depending on the tissue, this 
task took a long time because the number of over-connected edges was very high. For example, 
the liver mesh had over 250 over-connected areas and the actual number of over-connected edges 
is unknown because only 250 could be shown at once. 
Non-Manifold Vertices 
 A non-manifold vertex error appeared when two vertices were connected together at the 
same node as seen in Figure 5 c). To fix this, each node had to be looked at individually. Most of 
the time, the approach that worked best was to delete one of the vertices and manually add 
triangles to connect the faces and make the mesh watertight.  
Self-Intersecting  
 Another common error was a self-intersecting mesh. Using the “Self-Intersections” 
feature in ANSYS SpaceClaim highlighted the self-intersecting areas on the mesh as seen in 
Figure 10. This usually indicated that more than two or more triangles are overlapping on top of 
one another, this can be seen in Figure 11. To resolve this error, the overlapping triangles had to 
be removed.  
 
Figure 10 - Femur Mesh with Self Intersections 
 
Figure 11 - Close up of Self Intersection 
Holes 
 The most common error that appeared in the majority of the meshes was the error 
indicating that the mesh is not watertight. The error usually meant that there is a hole in the 
mesh. By clicking the “hole” button in SpaceClaim highlighted the holes as shown in Figure 12.  
 
 
Figure 12 - Femur Mesh with Holes Highlighted in Red 
In some cases, the holes were on the inside of the mesh as shown in Figure 13. The path 
highlighted in red indicates a hole. The edges in black are over-connected edges. In this case 
there is a row of triangles on the inside of the mesh that are connected to other edges along the 
path this creates a hole because the triangles inside the mesh are not connected on all 3 slides. 
 Figure 13 – Zoomed In Example of a Hole 
Results 
Depending on the body part associated with the STL file, some meshes had a large 
triangle size. For example, the liver mesh has 259090 triangular faces. Ideally, the goal is to 
reduce the number of faces while maintaining the geometry of the mesh. But before the number 
of faces can be reduced the mesh has to meet the watertight and manifold conditions as described 
before.  
Ensuring that the meshes are manifold and watertight was extremely labor intensive. The 
liver mesh had over 250 holes as well as over-connected faces and non-manifold vertices. The 
problem areas had to be manually removed and filled in. ANSYS SpaceClaim was utilized to 
accomplish this step in the process of developing the model. Refer to Table 3 for a list of 
watertight meshes.  
For a number of meshes listed in the table, the smooth operation was performed in 
SpaceClaim after the mesh was checked to be watertight. After using the smooth operation, the 
fix sharps feature was used to locate and remove sharp edges to ensure that the mesh was 
actually smoothed. At this point, only a small number of meshes are smoothed because some of 
the meshes are very “voxel-like” so other smoothing techniques are more effective such as the 
Poisson reconstruction which was performed using MeshLab. Poisson reconstruction was used to 
smooth some of the ribs. The Fine column in the table shown below indicates if smoothing was 
performed on the mesh or not. Smoothing in SpaceClaim increased the triangle size which could 
potentially increase the computational time of a simulation. An example of smoothed meshes is 
shown in Figure 14. Figure 14 shows the vertebrae column which consists of smoothed meshes, 
To optimize the model, the meshes will be later decimated.  
 
Figure 14 - Vertebrae Column with Smoothing Performed 
  
Table 3 - List of Completed Meshes 
Mesh # Tissue Name Triangle Size Mesh Quality Min. Edge Length Fine 
1  Aorta Lower 20028 0.7876937 1 No 
2  Aorta Upper 10848 0.7876937 1 No 
3  Bladder 24570 0.171843262 0.404300142 No 
4  Brain White Matter 348966 2.15791E-05 1.52588E-05 No 
5  C03  9046 0.09321916 0.151378588 Yes 
6  C04  6510 0.018034686 0.148527645 Yes 
7  C05  6910 0.008839256 0.172382011 Yes 
8  C06  6546 0.034907004 0.205357092 Yes 
9  C07  7522 0.002706659 0.148413387 Yes 
10  Cerebellum 38880 0.135076978 0.279574245 No 
11  Clevicle Left  13260 0.093676127 0.333086869 No 
12  Clevicle Right  12782 0.225433652 0.573860892 No 
13  Disc C03C04  1924 0.163065417 0.207976172 Yes 
14  Disc C04C05  2468 0.01289001 0.238333701 Yes 
15  Disc C05C06  2294 0.105807828 0.287073881 Yes 
16  Disc C06C07  2464 0.065488785 0.279108625 Yes 
17  Disc C07T01  2348 0.086784132 0.205314637 Yes 
18  Disc L01L02  8668 0.115454404 0.179592883 Yes 
19  Disc L02L03  9820 0.077782868 0.277754073 Yes 
20  Disc L03L04  11792 0.030912963 0.181033139 Yes 
21  Disc L04L05  10870 0.151381503 0.364181188 Yes 
22  Disc L05L06  11412 0.030123264 0.324645299 Yes 
23  Disc L06S00 8858 0.615124356 0.634693379 No 
24  Disc S01 1752 0.787677445 25.3984375 No 
25  Disc S02 444 0.787677445 25.3984375 No 
26  Disc S03 326 0.177125819 0.437073669 No 
27  Disc S04 190 0.787685573 25.39941406 No 
28  Disc T01T02  2362 0.14221377 0.406838153 Yes 
29  Disc T02T03  2432 0.065823134 0.285111835 Yes 
30  Disc T03T04  2706 0.068998583 0.233837816 Yes 
31  Disc T04T05  2962 0.173832365 0.267906748 Yes 
32  Disc T05T06  3316 0.221790323 0.280382672 Yes 
33  Disc T06T07  3472 0.043964263 0.301336869 Yes 
34  Disc T07T08  4120 0.018092238 0.233381785 Yes 
35  Disc T08T09  4810 0.142834135 0.175703774 Yes 
36  Disc T09T10  5264 0.157556004 0.192355897 Yes 
37  Disc T10T11  5508 0.050960337 0.300150076 Yes 
38  Disc T11T12  6206 0.110322498 0.35840429 Yes 
39  Disc T12L01  8532 0.022758033 0.21768898 Yes 
40  Esophagus 44004 0.07064672 0.234154618 No 
41  Femur Left  111964 0.211874272 0.272117291 No 
42  Femur Right  110574 0.111060439 0.260076323 No 
43  Fibula Left  21150 0.272007416 0.355274368 No 
44  Fibula Right  21230 0.272007416 0.999969482 No 
45  Gall Bladder 12970 0.653610047 0.437359831 No 
46  Hip Left  104698 0.088419731 0.216112691 No 
47  Hip Right  103946 8.93394E-05 0.000126749 No 
48  Humerus Left  50188 0.173066352 0.212240987 No 
49  Humerus Right  50776 0.283878581 0.571508457 No 
50  Kidney Left  47376 0.00715236 0.042335287 No 
51  Kidney Right  40782 0.017929912 0.131332358 No 
52  L01  18592 0.105300714 0.111114666 Yes 
53  L02  21204 0.017523157 0.153236986 Yes 
54  L03  23728 0.030638311 0.182879879 Yes 
55  L04  25804 0.006447192 0.102363004 Yes 
56  L05  26600 0.000843836 0.095218131 Yes 
57  L06  26038 0.000941321 0.105551921 Yes 
58  Liver 259090 0.002183817 0.214116117 No 
59  Lung Left  233922 0.007558124 0.13704981 No 
60  Lung Right  232444 0 0.195175471 No 
61  Medulla 14252 0.075221436 0.388545119 No 
62  Midbrain 5052 0.7876937 1 No 
63  Pancreas 43154 0.064146681 0.153189413 No 
64  Patella Right  9582 0.7876937 1 No 
65  Pons 5246 0.7876937 1 No 
66  Radius Left  19496 0.363890291 0.707031263 No 
67  Radius Right  19522 0.110192663 0.2571118 No 
68  Rib Left 01  5866 0.010808177 0.213081856 Yes 
69  Rib Left 01 Cartilage 4964 0.121348992 0.328538614 No 
70  Rib Left 02 Cartilage  3452 0.00625815 0.007293717 Yes 
71  Rib Left 02  9692 0.009578761 0.153376296 No 
72  Rib Left 03 Cartilage  4730 0.237975892 0.543333722 Yes 
73  Rib Left 03  13294 0.026743682 0.069697736 Yes 
74  Rib Left 04 Cartilage  5836 0.169932575 0.466704931 Yes 
75  Rib Left 04  15804 0.018072991 0.115475682 Yes 
76  Rib Left 05 Cartilage  7220 0.236152125 0.24174688 Yes 
77  Rib Left 05  18064 0.005601031 0.195644445 Yes 
78 
 Rib Left 06-09 
Cartilage 34068 0 0.577326778 No 
79  Rib Left 08 10044 0.000546534 0.000815204 No 
80  Rib Left 09 12024 0.000416942 0.000574388 No 
81  Rib Left 10 10816 0.000690602 0.000513895 No 
82  Rib Left 10 Cartilage 1712 0.7876937 1 No 
83  Rib Left 11  9726 0.272007416 0.999992371 No 
84  Rib Left 12  4314 0.7876937 1 No 
85  Rib Right 01 Cartilage  4424 0.013652446 0.206715916 Yes 
86  Rib Right 01  6034 0.065750213 0.296819643 Yes 
87  Rib Right 02 Cartilage  3068 0.126030741 0.444781907 Yes 
88  Rib Right 02  10458 0.009348132 0.141229456 Yes 
89  Rib Right 03 Cartilage  5202 0.066949864 0.203476274 Yes 
90  Rib Right 03  13674 0.004556264 0.161922673 Yes 
91  Rib Right 04 Cartilage  6538 0.069750838 0.177747519 Yes 
92  Rib Right 04  16796 0.001824982 0.102534235 Yes 
93  Rib Right 05 Cartilage  6944 0.103654089 0.34417248 Yes 
94  Rib Right 05  18512 0.00624267 0.184026193 Yes 
95 
 Rib Right 06-09 
Cartilage 34734 0.088411201 0.707078011 No 
96  Rib Right 06  19994 0.009642676 0.168137405 Yes 
97  Rib Right 07 8874 0.000780949 0.000751408 No 
98  Rib Right 08 12790 0.000316327 0.00028383 No 
99  Rib Right 10 10448 0.000548759 0.00041227 No 
100  Rib Right 10 Cartilage 2320 0.7876937 1 No 
101  Rib Right 11 8244 8.23505E-05 6.47376E-05 No 
102  Rib Right 12 5256 0.78769026 0.999984741 No 
103  Sacrum  15176 0.000302023 0.06796545 Yes 
104  Scapula Left  42302 7.86968E-08 0.135356362 No 
105  Scapula Right  42750 0.077465999 0.213605479 No 
106  Skin  941746 1.32284E-11 0.063165012 Yes 
107  SpinalCord  27276 0.109187409 0.512465762 Yes 
108  Spleen 54606 0.198722135 0.375226999 No 
109  Sternum  31314 0.001062853 0.115202289 Yes 
110  T01  9402 0.002547904 0.237182077 Yes 
111  T02  11140 0.054834747 0.162450191 Yes 
112  T03  10952 0.041517978 0.18578793 Yes 
113  T04  11526 0.075906672 0.107775787 Yes 
114  T05  12010 0.01200034 0.193718435 Yes 
115  T06  12748 0.005517687 0.120301146 Yes 
116  T07  13442 0.011753138 0.134196122 Yes 
117  T08  14646 0.002260815 0.137960089 Yes 
118  T09  15280 0.013573728 0.181295701 Yes 
119  T10  15704 0.058659008 0.095279282 Yes 
120  T11  16008 0.046016103 0.182853556 Yes 
121  T12  17600 0.058340428 0.237316866 Yes 
122  Thymus 9020 0.279676964 0.359263197 No 
123  Tibia Left  70052 0.253498578 0.21437182 No 
124  Tibia Right  72942 0.067479421 0.227471469 No 
125  Ulna Left  20356 0.131775738 0.409755051 No 
126  Ulna Right  19872 0.272007416 0.309648226 No 
127  Ulna Right  19872 0.272007416 0.309648226 No 
128  Vitreous Humor Left  3176 0.505133355 0.831632103 No 
129  Vitreous Humor Right  3128 0.7876937 1 No 
      
      
The table shown above also indicates the mesh quality for each individual. For two 
meshes the quality is listed as zero even though the meshes are watertight. This could be an error 
caused by a bug in the code used to identify the mesh quality for each mesh. Figure 15 is an 
image representation of Table 3. The image shows the front, side, and back view of the Male 
Human Model which was created during this project.  
 
  
 Figure 15 - Full Body View of Existing Meshes  
 Figure 16 shown on the next page is a full body view of the existing meshes but with the 
skin mesh added to the model to help visualize the model.  
  
 Figure 16 - Full Body View of Existing Meshes with the Skin Layer 
 
  
 
Figure 17 - Close up of the Existing Meshes 
 
 Only a few meshes are currently available that correlate to the body below the waist. 
Therefore, the bottom half of the body was excluded to provide a close up of the meshes is 
shown in Figure 17.  
Future Work 
 The next step in developing the model would be to continue checking the remaining 
meshes to make sure they are watertight and manifold. If the conditions are not satisfied, the 
meshes should be processed using the features available in ANSYS SpaceClaim or any other 
tools available. Next, all of the meshes should be smoothed as described in the previous section. 
The meshes should also be decimated to reduce the number of triangles to make sure that 
simulations run efficiently by decreasing computational time of some simulations. To obtain the 
desired resolution for some meshes, some tissues might have to be manually segmented as 
previously described.  
 Once all of the meshes that make up the model are completed, the model should be 
checked to ensure that none of the meshes are intersecting. Once that is verified, the model 
should be validated in various software packages. The model should also be checked to see if it’s 
anatomically accurate.  
 
Conclusion 
The intent of this Major Qualifying Project was to develop a CAD Human Male Model to 
use for medical computational electromagnetic simulations. Due to time constraints and limited 
resources such as the lack of multiple ANSYS SpaceClaim licenses, the development of the 
entire model was not achieved. Instead, I was able to prepare 129 meshes for use in the Human 
Male Model. The results from this project will be used to continue the development of the model 
in the future Major Qualifying Projects at WPI. The meshes developed during this project will 
also be later used in verify the accuracy of the model and the final model will used in simulations 
in medical computational electromagnetics field.  
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